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(54) SOLAR BATTERY AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve reliability of a solar battery 
which has high performance and is excellent in mass-productivity, 
and provide the solar battery at a low cost. 

SOLUTION: In this solar battery, a lower electrode 4, a photoelectric^ 
converting layer 5 and a transparent substrate 6 are arranged in-this 
order on the surface of a metal substrate 2, and an insulating layer 3 
exists between the metal substrate 2 and the lower electrode 4. Main 
component of the insulating layer 3 is silicon oxide. Thermal 
expansion coefficient of the insulating layer 3 at 30 to 250° C is 0.1 
to 5 times that of the metal substrate 2 at 30 to 250° C. 




* NOTICES * 
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damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]On the surface of a metal substrate, it has a lower electrode, a photoelectric conversion layer, and a 
transparent electrode in this order, A solar cell which is 0.1 to 1.5 times the coefficient of thermal expansion 
[ in / in a coefficient of thermal expansion / in / an insulating layer exists between said metal substrate and 
said lower electrode, and this insulating layer uses silicon oxide as the main ingredients, and / 30-250 ** of 
said insulating layer / 30-250 ** of said metal substrate ]. 

[Claim 2]A solar cell of claim 1 whose coefficient of thermal expansion at 30-250 ** of said insulating layer is 
1x10" 6 -30x10" 6 /**. 

[Claim 3]A solar cell of claim 1 or 2 with which said insulating layer comprises a polysiloxanei 

[Claim 4]One solar cell of claims 1-3 in which said insulating layers are coating films. 

[Claim 5]One solar cell of claims 1-4 whose thickness of said insulating layer is 0.1 nm - 5 micrometers. 

[Claim 6]A solar cell of whether said metal substrate comprises metal or an alloy containing at least one sort 

of Cu, aluminum, and nickel, and either of claims 1-5 which are one sort of stainless steel, a Fe-Ni alloy, and 

a Fe-nickel-Cr alloy. 

[Claim 7]A manufacturing method of a solar cell which faces manufacturing one solar cell of claims 1-6, and 
forms said insulating layer using the applying method. 

[Claim 8]A manufacturing method of a solar cell of claim 7 which forms said photoelectric conversion layer 
with plasma CVD method where temperature of said metal substrate is maintained at the range of 200-400 
**. 

[Claim 9]A manufacturing method of a solar cell of claim 8 with which said photoelectric conversion layer 
contains Si. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a solar cell and a manufacturing method for the same. It is 
related with a solar cell in which the photoelectric conversion layer was formed on the metal substrate, and a 
manufacturing method for the same, in more detail. 
[0002] 

[Description of the Prior Art]The solar cell is used for various electronic equipment as a power supply 
replaced with a dry cell etc. By the electronic equipment of low power consumption, such as an electronic 
calculator, a clock, a portable electronic apparatus (a camera, a cellular phone, noncommercial radar contact 
machine), and a remote control, especially. While being able to drive enough with the electromotive force of a 
solar cell, being able to make exchange of a cell unnecessary and being able to make it operate 
semipermanently, since it is clean, it is observed also to the environmental aspect. Generally Si layers, such 
as an amorphous silicon (a-Si) layer and a micro crystallite Si (muc-Si) layer, are used for the photoelectric 
conversion layer of a solar cell. 

[0003]A solar cell laminates the lower electrode, photoelectric conversion layer, and transparent electrode 
which consist of metal on the surface of a rigid or flexible substrate, and is constituted. As said substrate, 
flexibility is had and rolled round from points, such as processability and workability, and the organic flexible 
substrate which can be developed is used well. As a photoelectric conversion layer, the Si layer formed with 
plasma CVD method is usually used. 

[0004]However, an organic flexible substrate does not have enough heat resistance, and since it is easy to 
change with heating, it cannot make substrate temperature high in the case of the photoelectric conversion 
stratification. For example, the glass transition point of the polyethylenenaphthalate (PEN) well used for an 
organic flexible substrate is about 1 13 **. If substrate temperature can be made high in the case of plasma 
CVD, a membrane formation rate not only improves, but the characteristic of a photoelectric conversion 
layer will improve. 

[0005]And if an organic flexible substrate is used, when forming a photoelectric conversion layer with plasma 
CVD method, "curvature", "wrinkles", "accretion", and "sag" will arise in a substrate, and the homogeneity 
of thickness will worsen. "Accretion" is a common name of the phenomenon which becomes accretion 
accretion and is in sight, when a film is put on an even place and seen from width. 

[0006] Since the heat shrinkage rate at the time of membrane formation changes with differences in the 
expansion coefficient of a substrate and a plasma-CVD film when forming a plasma-CVD film on an organic 
flexible substrate and pattern formation of the mask is used and carried out, A slip is carried out and there is 
a problem that only a patterning portion will rise to drum shape. Such climax will tend to become more 
remarkable if the polymer material which has a glass transition point (Tg) is used for a substrate. Since 
alignment will become difficult if climax of a patterning portion arises, the multilayering with a mask will 
become difficult If there is climax, when applying to a clock or a remote control, the problem of the fine sight 
that it is bad also has appearance. If it does not pattern but a plasma-CVD film is formed in an entire 
substrate, such a problem will be avoided, but. In that case, since it is necessary to pattern with laser 
processing etc. after plasma-CVD film formation, compared with the case where it patterns simultaneously 
with film formation with masking etc., productivity will be bad, and accumulation process cost will become 
high. 

[0007]As a substrate used for a solar cell, a metal substrate other than an organic flexible substrate is 
mentioned. Since a metal substrate is excellent in heat resistance compared with an organic flexible 
substrate, it can raise substrate temperature at the time of plasma-CVD film formation. Therefore, a 
membrane formation rate and membrane characteristics improve. "Curvature" etc. does not arise in a 
substrate. Even if it patterns a film in the case of plasma CVD, climax of drum shape does not arise. 
[0008] However, since a metal substrate is conductivity, if the lower electrode of each cell is directly provided 
on it, both will connect too hastily and it will become impossible to be integrated [ which carries out the 



series connection of two or more cells ]. Therefore, it is necessary to form an insulating layer between a 
lower electrode and a metal substrate. As an insulatipg layer, the ceramic film which uses silicon oxide as the 
main ingredients is known, for example. For example, in JP,1 1-13581 1,A, the solar cell which has a thin film of 
KARUKO pyrite system compounds, such as CuInSe 2 , on a metal substrate is indicated. 

Forming a ceramic film in the metal substrate surface as a heat-resistant electrical insulation film is 
indicated. 

This ceramic film is formed as follows. First, the coating composition which consists of sol to which the 
ultrafine particle of submicroh size distributed the silane compound in the solution hydrolysis and by carrying 
out a polycondensation by making heavy aluminium phosphate into a catalyst is prepared. Subsequently, after 
applying this, it is considered as a ceramic film by heating. The insulating substrate for solar cells which 
provided the insulating layer formed with the sol-gel method on the surface of the stainless steel plate, for 
example in JP,1 1-40829,A is indicated. The insulating layer indicated in the gazette is formed by drying and 
calcinating, after making the solution made to dissolve alkoxysilane or organoalkoxysilane, water, and a 
thickener in an organic solvent adhere on the surface of a stainless steel plate. 
[0009] However, when the silicon oxide film formed with the sol-gel method, for example using the 
tetraethoxysilane was used as an insulating layer according to this invention persons' experiment, and forming 
a photoelectric conversion layer and a metal substrate is made into an elevated temperature, It turned out 
that a crack and a pinhole produce in an insulating layer, or an insulating layer exfoliates easily from a metal 
substrate, a lower electrode and a metal substrate short-circuit as a result, and reliability becomes low. 
[0010] 

[Problem(s) to be Solved by the Invention]Moreover the reliability of the solar cell which is excellent in mass 
production nature is raised, and the purpose of this invention has high performance and is providing such a 
solar cell by low cost. 
[0011] 

[Means for Solving the Problem]Such a purpose is attained by this invention of following the (1) - (9). 

(1) On the surface of a metal substrate, it has a lower electrode, a photoelectric conversion layer, and a 
transparent electrode in this order, A solar cell which is 0.1 to 1.5 times the coefficient of thermal expansion 
[ in / in a coefficient of thermal expansion / in / an insulating layer exists between said metal substrate and 
said lower electrode, and this insulating layer uses silicon oxide as the main ingredients, and / 30-250 ** of 
said insulating layer / 30-250 ** of said metal substrate ]. 

(2) A solar cell of the above (1) whose coefficient of thermal expansion at 30-250 ** of said insulating layer 
is 1x10~ 6 -30x10~ 6 /**. 

(3) The above (1) or (2) solar cells with which said insulating layer comprises a polysiloxane. 

(4) One solar cell of above-mentioned (1) - (3) in which said insulating layers are coating films. 

(5) One solar cell of above-mentioned (1) - (4) whose thickness of said insulating layer is 0.1 nm - 5 
micrometers. 

(6) said — a metal substrate — Cu — aluminum — and — nickel — at least — one — a sort — containing 

— metal — or — an alloy — from — constituting — having — or — stainless steel — a Fe-Ni alloy — and 

— Fe-nickel - a Cr alloy — one — a sort — it is — the above — ( — one — ) - ( — five — ) — either — a 
solar cell . 

(7) The above (1) Manufacturing method of a solar cell which faces manufacturing one solar cell of - (6), and 
forms said insulating layer using the applying method. 

(8) A manufacturing method of a solar cell of the above (7) which forms said photoelectric conversion layer 
with plasma CVD method where temperature of said metal substrate is maintained at the range of 200-400 
**. 

(9) A manufacturing method of a solar cell of the above (8) with which said photoelectric conversion layer 
contains Si. 

[001 2]A metal substrate is used in this invention. It is possible to make high substrate temperature in the 
case of photoelectric conversion stratification in a metal substrate compared with an organic flexible 
substrate. Above-mentioned "curvature", "wrinkles", "accretion", and "sag" which are generated in an 
organic flexible substrate can be prevented. When a photoelectric conversion layer is formed with plasma 
CVD method using a mask, only a patterning portion does not rise to drum shape. 

[00 13] However, when using a metal substrate, it is necessary to provide an insulating layer between a metal 
substrate and a lower electrode. Ceramic membrane formed with a sol-gel method as an insulating layer as 
described above is proposed. However, when substrate temperature is made high and a photoelectric 
conversion layer is formed conventionally, as mentioned above, it is easy to produce a crack, a pinhole, 
exfoliation, etc. in a ceramic insulating layer. 

[0014]This invention persons found out that such a problem generated in a ceramic insulating layer originated 
in a difference of a coefficient of thermal expansion between a metal substrate and an insulating layer. At the 



time of photoelectric conversion stratification, it is with a metal substrate and an insulating layer, and, 
specifically, thinks because a coefficient of thermal expansion and a heat shrinkage rate differ from internal 
stress, respectively. 

[0015]So, in this invention, an insulating layer which uses silicon oxide as the main ingredients, and has a 
relation to a mentioned range of a coefficient of thermal expansion to a metal substrate is provided between 
a metal substrate and a lower electrode. When making substrate temperature into a not less than 200 ** 
elevated temperature and forming a photoelectric conversion layer by this, neither a crack nor a pinhole 
produces in an insulating layer, or an insulating layer stops exfoliating from a substrate. Therefore, a reliable 
solar cell is obtained. In this invention, since substrate temperature can be made high when forming a 
photoelectric conversion layer with plasma CVD method in this way, in order that a membrane formation rate 
of a photoelectric conversion layer can be made high and the characteristic of a photoelectric conversion 
layer may improve, efficiency of a solar cell can be made high. 

[0016]Although membranes can be formed with vacuum deposition etc., since an insulating layer can be 
mass-produced by low cost, it is preferred to form membranes by spreading. Since a pinhole will not be 
produced if the applying method is used although a pinhole etc. tend to be made and reliability becomes low if 
an insulating layer is formed with vacuum deposition, high reliability is realized. 
[0017] 

[Embodiment of the Invention]The example of composition of the solar cell of this invention is shown in 
drawing 1 as a fragmentary sectional view. The solar cell shown in the figure has the insulating layer 3, the 
lower electrode 4, the photoelectric conversion layer 5, and the transparent electrode 6 in this order on the 
metal substrate 2. 

[0018]The solar cell to illustrate is the composition that the series connection of two or more photovoltaic 
cells which have an acceptance surface, respectively was carried out. Collection and the wiring electrode 1 1 
are formed on the transparent electrode 6 of each cell. The collection and the wiring electrode 1 1 to 
illustrate are the connection sections of a collection electrode and a wiring electrode. A collection electrode 
is an electrode for collecting the electric power generated in each cell from the transparent electrode 6 
comparatively high surface of specific resistance. A wiring electrode is an electrode for connecting the 
collection electrode of each cell, and the lower electrode of the adjoining cell. In the example of a graphic 
display, from collection and the wiring electrode 11, the connected conductors 12 pierce through the 
transparent electrode 6 and the photoelectric conversion layer 5, it extends, and it has connected with the 
lower electrode 4 of the adjoining cell, and, thereby, the series connection of the adjoining cells is carried out. 
The layer insulation layer 9 exists between the transparent electrode 6, and collection and a wiring electrode 
11, and the separator insulating layer 10 exists on both sides of the transparent electrode 6 on this layer 
insulation layer 9. It pierced through the transparent electrode 6, the photoelectric conversion layer 5, and 
the lower electrode 4, and in the example of a graphic display, the separator part 101 of the separator 
insulating layer 10 was prolonged, and has insulated the lower electrodes of the adjoining cell in it. The 
separator part 101 is a wall-like object prolonged also in the depth direction in a figure. 

[001 9] Although not illustrated, the extraction electrode by the side of plus and minus is provided in the both 
ends of a series connection, respectively. 

[0020]Although not illustrated, in order to suppress the mechanical damage of a solar cell, oxidation, 
corrosion, etc., the thing of the solar cell to illustrate for which a sealing member is provided in a transparent 
electrode 6 formation side surface at least is preferred. As for such a sealing member, it is preferred to 
provide also in the rear-face side of the substrate 2. 
[0021]Hereafter, the composition of each part is explained in detail. 

The component in particular of the metal substrate metal substrate 2 is not limited, but For example, Cu, 
aluminum, or nickel. Or the alloy containing these at least two sorts, stainless steel (for example, SUS301, 
SUS304, SUS430 which are specified to JIS), a Fe-Ni alloy, a Fe~nickel-Cr alloy, etc. can be used. Especially 
among these, it is preferred to use SUS304 or SUS430. Although the thickness in particular of a metal 
substrate is not limited, it shall usually be about 20-150 micrometers. 

[0022]The insulating-layer insulating layer 3 uses silicon oxide as the main ingredients, the coefficient of 
thermal expansion of an insulating layer — 0.1- of the coefficient of thermal expansion of a metal substrate - 
- it is 0.1 to 0.8 time preferably 1.5 times. The coefficient of thermal expansion at 30-250 ** is used for 
calculation of this ratio. If the thermal expansion coefficient difference of an insulating layer and a metal 
substrate is large, it will become easy to produce the crack to an insulating layer, generating of a pinhole, and 
exfoliation of an insulating layer at the time of the photoelectric conversion stratification. The coefficient of 

thermal expansion (value at 30-250 **) of an insulating layer is 1x10 -30x10 °/** preferably, and, 
specifically, is 1x10~ 6 -5x10~ 6 /** more preferably. On the other hand, the coefficient of thermal expansion 
(value at 30-250 **) of a metal substrate, Usually, it is a 5x10 ~ 6 - 25x10 ~ 6 /** grade, for example, is a 
10x10 " 6 - 18x10 ~ 6 /** grade especially 10x10 " 6 - 11x10 " 6 /** grade in stainless steel (SUS). 



[0023]As for the volume resistance of an insulating layer, in order to secure sufficient insulation, it is [ more 
than 100komega and cm ] preferred that they are especially. 1 or more M omega-cm. 

[0024]Not less than 400 ** of degradation starting temperatures of an insulating layer are not less than 500 
** more preferably. 

[0025]As for the insulating layer which uses silicon oxide as the main ingredients, it is preferred that it is a 

condensate of a polysiloxane, i.e., a siloxane, thru/or its oligomer. The polysiloxane which condensed and 

obtained. the siloxane oligomer especially shown in following (A) and which is shown in following (B) is 

preferred. 

[0026] 

[Formula 1] 




[0027]In each of the above (A) and (B), R expresses an alkyl group or an aryl group. The carbon numbers of R 
may be 1-10, and a thing that has branching even if it is 1-6 more preferably and is straight chain shape 
preferably. As an example of R, a methyl group, an ethyl group, a (nj)-propyl group, a (n t i, sec, tert)-butyl 
group, a phenyl group, etc. are mentioned, and a methyl group and a phenyl group are preferred especially. In 
the above (B), a sunspot is Si atom and a white round head is an oxygen atom. 

[0028]Number average molecular weights (Mn) of a siloxane oligomer shown above (A) are 10 3 - 10 6 
preferably. An end of a siloxane oligomer is usually Si-OH. 

[0029]In order for a polysiloxane to make it generate from a siloxane oligomer, a sol-gel method is used. 
[0030]In a sol-gel method, first, a siloxane oligomer is distributed to a solvent and it is considered as coating 
liquid. When using a siloxane oligomer which restriction in particular does not have in a solvent used on the 
occasion of preparation of coating liquid, for example, is shown above (A), a water alcohol system, an alcohol 
system, an aromatic system, an ester system, etc. should just use alcoholic solvent for a solvent preferably. 
[0031 ]In coating liquid, hardening agents, such as chelate complexes, such as an aluminum system, a titanium 
system, and a zirconium system, and trialkyl tin oxide, may be added. As for a siloxane oligomer/hardening 
agent (weight ratio), when adding a hardening agent it is preferred to be referred to as 90 / 10 - 99/1. 



[0032]Especially although solids concentration in particular in coating liquid is not restricted, it is preferred 
that it is 20 to 30% 10 to 30%. Although viscosity in particular of coating liquid is not restricted, 60 or less 
mPa-s of viscosity at 25 ** are usually 5-50 mPa-s preferably. 

[0033]An application means in particular is not limited, for example, should just form a coat on a substrate by 
publicly known methods, such as a roll coat, a spin coat dipping, and a spray. 100-2000 rpm of number of 
rotations in the case of a spin coat is 100-1000 rpm more preferably. 

[0034]After coat formation, heat treatment is performed, and it dries and hardens. As for heat treatment 
temperature, it is usually preferred to consider it as 120-300 **. 

[0035]Thus, in a manufactured polysiloxane, a coefficient of thermal expansion at 30-250 ** can be made 
into 0.1 to 1.5 times of a coefficient of thermal expansion of a metal substrate, and it is also 0.1 to 0.8 time. A 
polysiloxane which was carried out in this way and manufactured is excellent also in endurance and 
processability, and further, even if it heats it to 800 **, it hardly shows weight loss, but it is excellent in heat 
resistance. 

[0036]A coating solution containing a siloxane oligomer shown above (A) is marketed as ceramic-coating 
material GURASUKA made from JSR, Inc. (HPC7003, HPC7004, HPC7516), and this can be preferably used 
for it by this invention, for example. 

[0037]An insulating layer may be made to contain mineral constituents other than silicon oxide in order to 
adjust a coefficient of thermal expansion. As such a mineral constituent, at least one sort of an aluminum 
oxide, titanium oxide, zirconium oxide, a zinc oxide, and tin oxide is preferred, for example. Such content in an 
insulating layer should just determine suitably that a desired coefficient of thermal expansion is obtained. 
What is necessary is to mix to a siloxane oligomer and just to use a metal alkoxide containing a metallic 
element which aluminum, Ti, etc. want to add, in order to make these mineral constituents contain. 
[0038]When it is necessary to specifically increase a coefficient of thermal expansion for adjustment of a 
coefficient of thermal expansion, an insulating layer may be made to contain heat resistant resin. As heat 
resistant resin in this case, polyether ketone or polyether sulphone is preferred. Heat resistant resin can use 
a commercial thing. As polyether ketone, for example, ICI : "VICTREX PEEK." "Victrex PEK", Amoco: "Kay 
Dell", and Du Pon : "PEEK." Can use BASFA.G.: "ultra peck", Hoechs: "hosta tech PEK", etc., and as 
polyether sulphone, Sumitomo Chemical Co., Ltd.: "VICTREX PES", Amoco: "Kay Dell A", BASFA.G.: 
"URUTORASONE", etc. can be used. 

[0039]Content of heat resistant resin in an insulating layer is 5 to 30 % of the weight more preferably 50 or 
less % of the weight to mineral constituents, such as silicon oxide. 

[0040]As for content of silicon oxide in an insulating layer, it is preferred that it is 55 % of the weight or more 
in Si0 2 conversion. 

[0041]0.1 nm - 5 micrometers of thickness of an insulating layer are 0.5 nm - 3 micrometers more preferably. 
If an insulating layer is too thin, insulating will be easy to become insufficient, and if too thick, it will become 
easy to produce a crack in an insulating layer. 

[0042]The lower electrode lower electrode 4 consists of metal. Although a lower electrode component in 
particular is not limited, for example, what is necessary is just to use aluminum and stainless steel, aluminum 
is used preferably. Since specific resistance of aluminum is low, its degradation by energy loss and generation 
of heat is small. By the way, in a solar cell, light reflected with a lower electrode through a photoelectric 
conversion layer enters into a photoelectric conversion layer again, and this catoptric light is also changed 
into electrical energy. Therefore, although the one of a lower electrode where reflectance is higher is 
preferred, aluminum with a high rate of a light reflex is excellent also in this point Thermal conductivity is 
high, and corrosion resistance of thermal conductivity is also good, and, moreover, aluminum's is cheap. 
[0043]Although thickness in particular of a lower electrode is not limited, it is 0.01-10 micrometers 
preferably. As for a lower electrode, it is preferred to form with vapor phase growth, such as a sputtering 
technique. 

[0044]It is preferred to provide a diffusion prevention layer which consists of metal, such as stainless steel, 
Ti, and Cr, between the diffusion prevention layer lower electrode 4 and the photoelectric conversion layer 5, 
in order to prevent spreading a lower electrode constituent in a photoelectric conversion layer and to make 
both interface into low resistance. Thickness of a diffusion prevention layer is 3-5 nm preferably. What is 
necessary is just to usually form a diffusion prevention layer with vapor phase growth, such as a sputtering 
technique. 

[0045]As for the photoelectric conversion layer p hotoelectric conversion layer 5, it is preferred to constitute 
from pn junction or a pin junction, single crystal silicon that has a pin junction preferably, microcrystal silicon, 
or an amorphous silicon. Pn junction and a pin junction can be formed by adding a predetermined impurity in 
the case of photoelectric conversion stratification. 

[0046]A photoelectric conversion layer which laminated a p type semiconductor layer which comprises 
hereafter a n type semiconductor layer which comprises microcrystal silicon, a photoelectromotive-force 



layer (i layer) which comprises an amorphous silicon, and microcrystal silicon as a desirable example of 
combination is explained. 

[0047]An impurity for p type semiconductor layer formation has preferred B, and, as for the content it is 
preferred that they are 10 " - 10 * u atoms/cm J . Even if there are too few impurity contents and it is too 
large, an energy conversion efficiency becomes low. 

[0048]An impurity for n type semiconductor layer formation has preferred P, and, as for the content, it is 

preferred that they are 10 17 - 10 20 atoms/cm 3 . Even if there are too few impurity contents and it is too 
large, an energy conversion efficiency becomes low. 

[0049]Although thickness in particular of each class is not limited, in a p type semiconductor layer, it is 5-40 
nm preferably, is 100 nm - 20 micrometers preferably in i layer, and is 5-40 nm preferably in a n type 
semiconductor layer. 

[0050]As for such a photoelectric conversion layer, forming with plasma CVD method is usually preferred. 
Although plasma in plasma CVD method may be any of a direct current and exchange, exchange plasma is 
preferably used for it. In exchange plasma, it is usable to a thing with a frequency of several hertz to several 
gigahertz. 

[005 1]A p type semiconductor layer uses SiH 4 , H 2 , and B 2 H 6 etc. for a raw material, Flow rate B 2 H 6 /SiH 4 is 

determined according to the target impurity content, substrate temperature — room temperature - what is 
necessary is just to form 450 ** of 0.01 - 10Torr and supplied power for 200-300 ** and working pressure 

more preferably as 10-2000W (frequency 10 6 - 10 9 Hz) [ 200-400 ** of] 

[0052]i layer uses SiH 4 , H 2 , etc. for a raw material, and a flow, respectively 1 - 2000sccm, substrate 

temperature — room temperature - what is necessary is just to form 450 ** of 0.01 - 10Torr and supplied 
power for 260-380 ** and working pressure as 10-2000W more preferably! 200-400 ** of ] 
[0053]A n type semiconductor layer uses SiH 4 , H 2 , PH 3 , etc. for a raw material, determining flow rate 

PH 3 /SiH 4 according to the target impurity content — substrate temperature — room temperature - what is 

necessary is just to form 450 ** of 0.01 - 10Torr and supplied power for 250-350 ** and working pressure as 
10-2000W more preferably [ 200-400 ** of ] 

[0054]Although a component in particular of the transparent electrode t ransparent electrode 6 is not limited, 
since transparency, conductivity, etc. are good, tin oxide and ITOGndium oxide tin) ZnO are preferred. 
Although thickness in particular of a transparent electrode is not limited, it is usually preferred to be referred 
to as 10-100 nm. A transparent electrode which comprises an above-mentioned material is usually formed 
with vapor phase growth, such as a sputtering technique. 

[0055]Especially if formation of structure of having and illustrating insulation is possible for material which 
constitutes a layer insulation layer, the layer insulation layer 9 in an example of a separator insulating-layer 
graphic display, and the separator insulating layer 10, it will not be limited, but it is usually preferred to use 
insulating resin. As insulating resin, urethane system resin, phenoxy resin, etc. are preferred, for example. It 
may constitute from material with same layer insulation layer 9 and separator insulating layer 10, and may 
constitute from a dissimilar material. 

[0056]As for thickness of the layer insulation layer 9, it is preferred that it is 5-40 micrometers, and, as for 
thickness of a flat part of the separator insulating layer 10, it is preferred that it is 5-10 micrometers. 
[0057]What is necessary is just to usually form a layer insulation layer and a separator insulating layer by the 
applying methods, such as screen-stencil. The layer insulation layer 9 and the separator insulating layer 10 in 
an example of a graphic display are usually formed in the following procedures. First, after forming the 
photoelectric conversion layer 5, the layer insulation layer 9 is formed in a predetermined pattern by screen- 
stencil etc. Subsequently, after forming the transparent electrode 6 on the layer insulation layer 9, a slot 
which pierces through the transparent electrode 6, the layer insulation layer 9, the photoelectric conversion 
layer 5, and the lower electrode 4 with laser processing is formed. A layered product from the lower electrode 
4 to the transparent electrode 6 is divided by this slot, and it separates into a cell unit. Subsequently, the 
separator insulating layer 10 is formed by screen-stencil etc. on the transparent electrode 6 at a 
predetermined pattern. At this time, an insulating material invades into said Mizouchi and the separator part 
101 is formed. 

[0058]It is provided in order to prevent the transparent electrode 6 and the lower electrode 4 short-circuiting 
the layer insulation layer 9 in the case of separator part 101 formation, but it also has work which raises 
pressure-proofing of a solar cell. For example, since a comparatively high capacitor of capacity will be formed 
by forming the layer insulation layer 9 although a short circuit may occur between the lower electrode 4 and 
the transparent electrode 6 in the position if a minute defect and heterogeneity exist in the photoelectric 
conversion layer 5, generating of such a dielectric breakdown can be prevented. 

[0059]Although a component in particular of collection and a wiring electrode, and connected-conductors 
collection and a wiring electrode 1 1 is not limited, it is usually preferred to use Ag. As for thickness of 



collection and a wiring electrode, it is preferred that it is 5-10 micrometers. 

[0060]What is necessary is just to usually form collection arid a wiring electrode by the applying methods, 
such as screen-stencil. In an example of a graphic display, collection and the wiring electrode 1 1 are usually 
formed in the following procedures. First, after forming the separator insulating layer 10, collection and the 
wiring electrode 1 1 are formed in a predetermined pattern by screen-stencil etc. Subsequently, in a field to 
which the layer insulation layer 9 does not exist, laser processing punches collection and the wiring electrode 
1 1, and a hole which pierces through the transparent electrode 6 and the photoelectric conversion layer 5, 
and reaches the lower electrode 4 is formed. In the case of this punching, a component of collection and the 
wiring electrode 1 1 fuses, it invades into the aforementioned hole, and the connected conductors 1 2 are 
formed. 

[0061]As a sealing member for suppressing a sealing member mechanical damage, oxidation, corrosion, etc., a 
resin layer is preferred. What is necessary is just to form a resin layer by spreading or pasting. As for a 
sealing member, it is preferred to provide in transparent electrode 6 side surface at least and it provides it 
also in the rear-face side of the substrate 2 more preferably. 

[0062] Hereafter, an example of a method of forming a resin layer by pasting is explained. In this example, a 
sealing member which provided a buffer glue line containing thermosetting resin in at least one [ which has 
translucency and heat resistance ] field of a substrate made of resin is used. 

[0063]A substrate made of resin has a preferred resin film which the glass transition point Tg is not less than 
65 **, or heat-resistant temperature (or continuous use temperature) is not less than 80 **, satisfies these 
both, and has translucency. Even if such a resin film is directly exposed to light sources, such as sunlight, and 
it carries out temperature up, it does not produce performance degradation. 

[0064]As a substrate made of resin which has translucency at more than glass transition point Tg65 ** 
and/or heat-resistant temperature of not less than 80 **, it is polyethylene terephthalate film (Tg69 **) and 
polyethylenenaphthalate heat-resistant film (Tg113 **); ethylene chloride trifluoride resin. [PCTFEmeo 
chlorofluocarbon CTFE (made by Daikin Industries, LTD.)] (Heat-resistant temperature of 150 **), 
polyvinylidene fluoride [PVDRDenker DX film (made by DENKI KAGAKU KOGYO K.K.)] (Heat-resistant 
temperature [ of 150 ** ]:Tg50 **), polyvinyl fluoride [PVRTEDORA PVF film (made by Du Pont)] (Heat- 
resistant temperature of 100 **) etc. — a fluoride homopolymer and a tetrafluoroethylene perfluoro vinyl 
ether copolymer [PFA: Neo chlorofluocarbon :P FA film] (made by Daikin Industries, LTD.) (Heat-resistant 
temperature of 260 **), a tetrafluoroethylene hexafluoride propylene copolymer [FEP:TOYOFURON film FEP 
type (made by Toray Industries, Inc.)] (Heat-resistant temperature of 200 **), a tetrafluoroethylene ethylenic 
copolymer [An ETFE:tefzel ETFE film (made by Du Pont) (heat-resistant temperature of 150 **), an AFLEX 
film (Asahi Glass [ Co., Ltd. ] make: Tg83 **)] A fluorine system film which consists of a fluoride copolymer of 
**; aromatic-dicarboxylic-acid-bisphenol copolymerization aromatic polyester [PAR: Casting (Elmec by 
Kaneka CORP.)] (Heat-resistant temperature [ of 290 ** ]:Tg215 **) etc. — polyacrylate film; — poly 
SARUHON [PSRSUMIRAITO FS-1200 (made by Sumitomo Bakelite Co., Ltd.)] (Tg190 **), polyether 
sulphone [PES:SUMIRAITO FS-1300 (Sumitomo Bakelite)] (Tg223 **) etc. — ** sulfur polymer film; — a 
polycarbonate film [PC:bread light (made in Teijin Chemicals)] (Tg150 **); functional norbornene system resin 
[ARTON (made by JSR)] (Heat-resistant temperature [ of 164 ** ]:Tg171 **); polymethylmethacrylate 
(PMMA) (Tg93 **); — an olefin maleimide copolymer [TI-160 (made by TOSOH CORP.)] (More than Tg150 
**), PARAARAMIDO [Aramica RAsahi Chemical Co., Ltd. make] (Heat-resistant temperature of 200 **) and 
polyimide fluoridation (heat-resistant temperature of not less than 200 **), polystyrene (Tg90 **), polyvinyl 
chloride (70-80 ** of Tg(s)), cellulose triacetate (Tg107 **), etc. are mentioned. 
[0065]Among these a polyethylenenaphthalate heat-resistant film (Tg113 **), As compared with a 
polyethylene terephthalate film, there are little heat-resistant (Tg), heat resistance at the time of long-term 
use, Youngs modulus (stiffness), breaking strength, a heat shrinkage rate, and oligomer, Since it has the 
performance excellent in fields, such as physical-properties degradation by gas barrier nature, hydrolysis 
resistance, moisture vapor transmission, a coefficient of thermal expansion, and light, and excels in a point of 
comprehensive balance, such as breaking strength, heat resistance, dimensional stability, moisture-vapor- 
transmission nature, and cost, as compared with other polymer, it is desirable. 

[0066]Not less than 65 ** of glass transition points [ not less than 70 ** of / not less than 80 ** of ] Tg of a 
resin base material are not less than 110 ** especially preferably still more preferably more preferably. 
Although a maximum in particular of Tg is not regulated, it is usually about 130 **. Heat-resistant 
temperature thru/or not less than 80 ** of continuous use temperature [ not less than 100 ** of ] are not 
less than 110** still more preferably more preferably. Although heat-resistant temperature thru/or 
continuous use temperature are so preferred that it is high and the maximum in particular is not regulated, it 
is usually about 250 **. 

[0067]Although what is necessary is just to determine thickness of a resin base material suitably according 
to structure of a solar cell, intensity, flexural rigidity which are required of a resin base material, etc., what is 
necessary is just usually 5-100 micrometers. 



[0068]As for the translucency of a resin base material, it is preferred that it is a grade of light of a light range 
which penetrates especially not less than 80% not less thanJ70%. 

[0069]As for a buffer glue line, it is preferred to contain a thermosetting resin ingredient and organic peroxide 
before thermo compression bonding. 

[0070]As a thermosetting resin ingredient it is an ethylene-vinylacetate copolymer. [EVA (vinyl acetate 
content is about 15 to 50%)] is preferred. 

[0071] As organic peroxide, for example, 2,5-dimethylhexane-2,5-dihydroperoxide; — 2,5-dimethyI- 2,5-di- 
tert-butyl peroxide — ******- 3; di-t-butyl peroxide; — 2,5-dimethyl- 2,5-di-tert-butyl peroxide hexane;. A 
dicumyl peroxide;alpha and alpha-screw, (t-butyl par OKISHIISO propyl) Benzene;. n-butyl-4,4-bis(tert-butyl 
peroxide)valerate;2, 2-bis(tert-butyl peroxide)butane;1,1-bis(tert-butyl pefoxide)-3,3,5- 
trimethylcyclohexane;t-butyl par OKISHIBENZUETO; benzoyl peroxide. It can use. A compounding ratio in a 
case of using these combining two or more sorts, using only one sort, and using in combination is arbitrary. 
Ten or less weight sections of the amount of organic peroxide used to thermosetting resin ingredient 1 00 
weight section are 0.5 to 6 weight section more preferably. 

[0072]Although what is necessary is just to determine thickness of a buffer glue line suitably according to 
structure, an operating environment, etc. of a solar cell, it is 10-40 micrometers still more preferably 3-50 
micrometers more preferably 3-500 micrometers. A buffer effect will become insufficient if a buffer glue line 
is too thin. On the other hand, if a buffer glue line is too thick, light transmittance will become low and it will 
become easy to generate a barricade at the time of punching, etc. However, since a light transmittance state 
is far excellent compared with a resin base material, when using a buffer glue line under high illumination, 
such as the outdoors, it has that it is also satisfactory even if it thickens to about 10 mm. 
[0073]As a means to provide a buffer glue line in a resin base material, publicly known means, such as 
spreading or an extrusion coat, can be used. 

[0074]Embossing may be performed to a buffer glue line. If embossing is performed so that a byroad of air 
bubbles may be formed when a sealing member is laminated in a solar cell, mixing of air bubbles will decrease. 

[0075]Next, an example of a method of forming a resin layer by spreading is explained. Although it is a little 
inferior in respect of surface smoothness, weatherability, etc. compared with the above-mentioned resin layer 
formed by pasting, a resin layer formed by the applying method is satisfactory, when using it for an inside of 
apparatus, incorporating or mainly using it on an indoor type way. In the applying method, since a required 
laminating process and a flat chemically-modified [ subsequent ] degree are omissible by the above- 
mentioned sticking method, a manufacturing cost can be reduced. 

[0076]In this case, resin to be used is excellent in transparency, what has few discoloration by aging and 
photodegradation is preferred, and its thermosetting resin is especially preferred. As thermosetting resin, 
fluororesin, polyurethane, polyester, an epoxy resin, and phenoxy resin can be used, for example. What is 
necessary is just to form a resin paint film with screen printing, a spin coat method, etc. 
[0077] 

[Example]The solar cell sample with the structure shown in drawing 1 was produced in the following 
procedures. First, the metal substrate 2 (mm [ long / 230 ], the side of 360 mm, micrometers [ in thickness / 

50 ], and the coefficient of thermal expansion at 30-250 ** are about 1 0.5x1 0~ 6 /**) which consists of 
SUS430 was prepared, and the siloxane oligomer solution was applied by the roll coat method all over the 
field of one of these. Subsequently, at 250 **, it held for 60 minutes, and hardened, and the insulating layer 
with a thickness of 2 micrometers which consists of polysiloxanes was formed. This siloxane oligomer 
solution is ceramic-coating material GURASUKA made from JSR, Inc. (HPC7003). 

Including the siloxane oligomer whose R is a methyl group, including alcoholic solvent, solids concentration is 
20% and viscosity is 10 mPa-s in the above (A). 

[0078]A coefficient of thermal expansion [ in / in this insulating layer / 30-250 ** ] is 5x1 0~ 6 /** (about 0.5 
time of the coefficient of thermal expansion of a metal substrate). 

Degradation starting temperatures were not less than 400 **, and volume resistance was more than 10 12 
omega-cm. 

[0079]Next, the lower electrode 4 with a thickness of 0.3 micrometer which consists of aluminum was formed 
by the sputtering technique, and the diffusion prevention layer with a thickness of 5 nm which consists of 
stainless steel was further formed on it. 

[0080]Subsequently, the photoelectric conversion layer 5 was formed in the following procedures on the 
diffusion prevention layer. First, the n type crystallite silicon layer was formed in a thickness of 20 nm with 
plasma CVD method. Material gas and its flow in that case PHL+KL mixed gas (PH~/H 9 =0.2%):30sccm f being 



referred to as SiH 4 :4sccm and H 2 :750sccm — other conditions — substrate temperature:300 **, working 
pressure:1Torr, and supplied power:100W (13.56 MHz) 

It carried out. Then, the i type amorphous silicon layer was formed in a thickness of 600 nm with plasma CVD 
method. In that case, material gas and its flow are set to SiH 4 :50sccm and H 2 :500sccm, and other conditions 

are substrate temperature:280 **, working pressure: 1Torr, and supplied power: 100W (13.56 MHz). 

It carried out. Then, the p type crystallite silicon layer was formed in a thickness of 20 nm with plasma CVD 

method. Material gas and its flow in that case B 2 H 6 +H 2 mixed gas (B 2 H 6 /H 2 =0.2%):20sccm, being referred to 

as SiH 4 :5sccm and H 2 :950sccm — other conditions — substrate temperature:320 **, working pressure:1Torr, 

and supplied power:200W (13.56 MHz) 
It carried out. 

[0081]Next, on the photoelectric conversion layer 5, the urethane system insulating resin composition was 
printed to the predetermined pattern with the screen printing which used the 150-mesh polyester screen, 
and it ranked second, and into 160 ** oven, it was neglected for 10 minutes, and heat-hardened, and the 20- 
micrometer-thick layer insulation layer 9 was formed. 

[0082]Subsequently, ITO (indium oxide tin) was targeted and the 60-nm-thick transparent electrode 6 was 
formed by the sputtering technique in Ar atmosphere. 

[0083]Subsequently, the 10-micrometer-thick separator insulating layer 10 which has the separator part 101 
was formed by forming a slot by laser scribing and screen-stenciling a urethane insulating resin composition 
from on the. 

[0084]Subsequently, 6-micrometer-thick collection and the wiring electrode 1 1 were formed by screen- 
stenciling and hardening silver paste. Finally, silver paste was screen-stenciled, the plus side extraction 
electrode and the minus side extraction electrode were formed, and solar cell sample No.1 was obtained. 
[0085]Made low 20 ** of substrate temperature at the time of photoelectromotive-force layer (i layer) 
formation, and it was considered as 260 **, and also solar cell sample No.2 was obtained like sample No.1. 
[0086]Although the membrane formation rates at the time of photoelectromotive-force layer (i layer) 
formation were 1.0 nm/s in sample No.1, in sample No.2 which made substrate temperature low and formed 
the photoelectromotive-force layer (i layer), it was 0.7 nm/s. The result of having irradiated with the light of 
100 mW/cm 2 by the solar simulator, and having measured photoelectric current about each solar cell sample, 
The photoelectric current of sample No.2 which the photoelectric current of sample No.1 made low 16mA 
[/cm ] 2 and substrate temperature, and formed the photoelectromotive-force layer (i layer) is 14 mA/cm 2 , 
and it has checked that a crack and a pinhole where both samples produce a short circuit did not exist. 
[0087]On the other hand, sample No.3 used as the silicon oxide layer with a thickness of 2 micrometers 
which formed the insulating layer 3 with the sol-gel method using the tetraethoxysilane was produced for 
comparison. The coefficient of thermal expansion at 30-250 ** of this insulating layer 3 was 0.5x1 0~ 6 /** 
(0.05 time of a metal substrate). The short circuit arose in the produced total and characteristic 
measurement was impossible at this sample No.3. 

[0088]After having formed the insulating layer on the substrate like the above-mentioned sample No.3, having 
carried out temperature up from a room temperature to 250 **, holding for 5 minutes and making it return to 
a room temperature again, when the insulating layer was observed, it was checked that the crack has 
occurred in the insulating layer surface. 
[0089] 

[Effect of the Invention]According to this invention, performance is high, moreover the reliability of the solar 
cell which is excellent in mass production nature can be raised, and such a solar cell can be produced by low 
cost. 



[Translation done.] 
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TCUiitf*ttkl-\ 6 OmPa • sJWT\ Sf*L<t4 

5—5 OmPa • sX'$>2> 0 

[0 0 3 3] m5^&.imizWLfeZix~f, «£|fn-/u 

- foM«>B4Eft(i% 4fiL<l±100-20 
0 0 rpm, £ <9 #i t< (±100-1000 rpmT'&^o 
[0 0 3 4] ifcK^A^ Ifej&SfcJSLTiaft, «ffc-t 

<&<> fft&aiueti* ant, i2o-3ootttsct 
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[0 0 3 5j Z<7>£o ULTSiiSiifctfy *yU*-+> 
T-<±, 3 0-2 5 0rU£«t4|*»3HM8c*£flS*««> 

fmw%&<oo. i-i. 5ftt4ctj) { f^ o. 

l-o. 8fSttl.;ttr-|s e ifc, -iojioicl 
8 o ot:£T-*n&LT&iifc^s*i^ 

[0 0 3 6] &ib\ ±IS (A) U^$ix*->o+^>* 

tt80.-b7;7^3-f-f>W5^* (HPC7 0 
03, HPC7004, HPC7516) t LT7fTS££ 

tixat), *&wx-itztizui l < m^z> z ttfx £ 
[0037] mmmizit^ wiitt^st*^* 

[0 0 3 8] ^5R«mopsco^*e>. 
imM&&%L*i%±2*tz>&w&$>z>m&izit. &mm 
izmmmimzttzitxi* z^m^mm^m 

ICItt: rV^CTREX PEEKJ , Y V 30 

-;WPEKK Amocott: fy-fJVj , Du 
Pontt:/|PEEKj , BASFtt: 
?J > H/echstt: r*x?t;?PEKj 
ffl v> £ i(t **T- £ , sK'J! 3-—f-)V*y)vy * > b LT(d\ 
b^mitt : TVICTREX PESJ , Amo 
cott: W-^AJ > BASFtt: [^)UYvV> 
EJ ^^WiCt^Ho 

[00 3 9] \mm*iz$iifi,m%:&®m<r>izm*it, 

mt* -fff^ii^C^Ltffi L < 14 5 011% 
J^T. <fc •? L< 145- 3 0*fi%T-*-5. o 40 

[0040] ttz, femm* iz&itz,mtm%<7)-£% 

*(4. S i 0 2 J&»T-5 5fi%J-Ut-*sct* f ffi 

[0 0 4 1] ^JgOHESli, Ui L< 14 0. lnm-5 
^m, iDfftKliO. 5nro- 3 //mtr*^ 0 

[0042] rgsms 
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J:w>^ »IL<liAlilv^ <> A 1 l±ife«fit^fi;v» 

^^SSV^tW £ L^d*, *Slt^<7)iS5^A 1 (iCKO.ir 

[0 0 4 3] T^SS^H^iliifl-^^fL^v^^ # 
it<l±0. 0 1-1 O^mt^So TIElili> 

[0 0 4 4] ffiffcEfrlhJj 

frtfjtw,$cmmizti.ft-fzzkzttz\ ttz, mm<o& 

WZ&1&mzirZ>tzit>^ XrVl'X, TK Cr^co 
IftltJf OHSI4, ffiL<(±3~5nm-e*-S. 0 SttScKlh 

§i±, ?&mv>nm&.mmz£ t^m-m 

[0 0 4 5] jfcm^m^ 
7fc«g!c&JI 5 (4, pnS^i^lip i nl^, 4fiL< 
(4p i ng^itt4|g B V>'J^. «*Sa B a v';r7> 

p nt^p i ng£-l4, Tfc^&Jf ffM^Ujifr 
SW^SiE^Sr^tD-f-^olt IZ£ »)^J&T-#£ 0 
[0 0 4 6] JTF, »* C^m.*.&t>*tMt LT, 

a >; a > s it* p s^zfttt* * m l *m 

[0 0 4 7] pffl#*#«3KftOfc<e>«>^«»JiB*nf 
iU<. -e<7)^-**li 1 0 17 - 1 0 20 atoras/cm 3 T-*^ 

[0 0 4 8] nffl**#W3g*OfcK>«>^tt»l±P*««F 
£L<> -e<7)-i"#S!± 1 0' 7 - 1 0 20 atoms/ciii 3 t:-&& 

<> , i ^ ;v ^r - ^m^^* ? f& < ^ h o 

[0 0 4 9] #e<OJl$l±#U|®^$tt^V>^ plf 
gfldSTttifr i L<«±5-4 0nnT-*t), i «T J±«ff 
t<J± 1 0 Onm-2 0^m-C*t9, nlflftftlift 
£L<(4 5-4 0nm-C*&£ o 

[0 0 5 0] iWio^if^ili, 

[0 0 5 1] pffl#«*eii> Efti:SiH4, H2, B 
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B2H6/S i H«*#WcU *f£*SJ££SiB- 4 5 0 
■C, «f i L < ti 2 0 0-4 0 0 il)»iL<(i20 
0-3 OCC, »ft£2l*0. 0 1-10Torr, 

1 0 - 2 0 0 OW 0 6 - 1 0 9 Hz) t LT 

[0 0 5 2] iJgtt, KftKS i H«, H2**«v», »ft 
fi«r-?-n-fiX 1 -2 0 0 Osccm, *«*SJ££^iS~ 4 5 
Or, «f£L<li 2 0 0-4 0 0 t;, il)ffJL<IJ2 
6 0-3 8 01:, »ffcE2j*0. 0 1-10Torr, £A 
S*Sr 1 0-2 0 0 OWt LTffM-fftJf iv^ 0 10 

[0 0 5 3] nffl^MHWHU HfitS i H4, Hz, P 

PHs/S i H4£&5eU *4£iSl££S*S-4 5 0*C, 
fflL<(i2 0O-4 0 0C, <fcO$fiL<l±250- 
3 5 0*0, »f|5EE2j*0. 0 1-10Torr, 
1 0-2 0 0 OWfc LTBJ£-**UfJ:v\> 
[0 0 5 4] jj^gfe 

**tt sm:*x, i to 

ff5«i#UI»5esn4v»**. «#, 10-I00nmt1- 

t±, O^Mftftia tJfMtSc 

[0 0 5 5] gWfjgg, -b/<W-»»»W 

ei^j u js it £ s 9 & j; o-'-t / < v - 9 %mm 1 

£*®*WllBfcfcO^*4W#KR£$*ifcv»j!F, if 

LTfi, WU£VU9>&mm. 7i^viH;f4s 
4?£L^ 0 -VIUHMMI 9 fc-fe/t I' 1 0 50 

tit, mcttm>hMmLxt>£<, mmum-hmm 

[0 0 5 6] iTOSi9<Ol?li, 5-4 0//mT-* 

■S^tWiK, -h^N'U- ^ifg^JB 1 o <v¥im><om 

5-10^mf*SCtW$Lv>o 
[0 0 5 7] m$M6Mmtei:V l -ts*l<-91&¥kmtt. it 

fir, aweo&fr&t:: x. *) i&m-ftii£x v> 0 

E^t-^it-SS W*6iH* 9 is J; tf-fc/tv- *ft«w i 
oi±, Jitr, jaTo¥*-wgffl:i-4o if, *m«*« 
5 zmm l tz'ik. m m&mm 9***';->ep«4 *o 

8t?ft*o *v»r, 2i5S6±i:t/<v-?«a)i.i 
o £ ^ * U - > ep«ij & ftc i *) jft<7£.<r>>< 9-y \zfcj&f 

[0 0 5 8] JSH*6^S9l±, -t^'V- 1 0 1 ffM 50 
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• J t , T*&K** , »4-t , *fc % *«0&fit-i5^TTgME&4 
m«Jt« 9 SrKtt 4 Itl:±l) SS^JteW]*^ a > 7* 

[0 0 5 9] J|»fc • EWE, ftgatfr 

[0060] jr* • sE^ssii, a*, 'j->enw 
-r, -t^u-9mmm 1 o ^ml/a jr* • ie^m 

S 1 1 **?V->Him%tlz£ y)m£.0>'i9 --yizm 

t, tax-ifv— 9-*-inxtcj: ijjr* • m®.w,mi 1 

#:l 2tfWf&2ft-&o 

[0 0 6 1] gjhsa 
mm.2<r>mmw,zi>mfz>o 

[0 0 6 2] JSIT, J: i)#|igt*3gtf:i-4*tto 

fttt#n& Wffi&mm tzm±.Mtt* m v» 

So 

[0 0 6 3] #ieSI*#l±, f7XCfiTg^6 5C 

*i- 4 #fli 7 -r ;u a t L v » „ c o «t ^ mm y 4 * 

[0 0 6 4] *$£#*T g 6 5 "CJ0L±iJ ± V'/ttz 

LTI±, #'jxf l/>f I/7?l/- F7-f (Tg6 
9"C) , -f>)if l/>f7^1/-H!S7f)VA (Tg 

H3t) ; -=y yitmt^vymm [pctfe : 
**"7n>CTFE (y-f *>I*tt«) ) (E^iSiS 
1 50t) , kf-U r'>7;U^-7'f K [P VDF : 

f>*DX7^u (^-ffc^itittSi!) ] (Btafcfflg 

1 5 0"C : Tg 5 0"C) , *'Jlf-Jl'7W5'f K [P 

vf:tF7-pvf7^a (fa-f>i±s ) (it 
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jftiajsioot:) m<?>y viVfo*** my? 
fa:^7o>:pfa7^i-a (V4 *>x.m± 

S) ) 6 OC) , Gg^MfcJ^UV-;*? 

•yff7*Dew>*S^-#: [FEP ! h37D^7<U 
FEPH^ (mvttSf) D (»lfeiaS2 0 Ot) , G9 
7-^-ft^^W>-Ji^W>*ll^-#: [ETFE : t7-f 
*ETFE7<J1-A (fi-f>M) (ItSfciSg 1 5 0 
*C) , AFLEX7-f^A (JSiS^ttS!! : T g 8 3 

A ; 3jr#«t v *^-f>5l-li'X7x/- »^S^Sr«K 
tfijo-XxA- (PAR:*tAtr/^ (a*ftSM±S 
(ltffit&K2 9 ot: : Tg 2 1 5*C) m 
<9#'j 7? V v- h y -r ;ua ; .-K';-^;u*>- [P S F : 

X^OFS- 1 2 0 0 (ft^-?7nfi§) ) 
(T g 1 9 0*0 , sJ«'Ji—r^-9-^*V [PES : X 
C 57OFS-1 3 0 0 (ftt^-^v-f M ) (Tg 

2 2 3X:) ^o^-'f -r^A ; 

7- — h 7 -f ^ A (PC:/070 (5f AffclStt») ] 

(Tgl 50C) ;7r^^->3t)WW)l<i>J« 20 
SS [ART ON (J SRtt® ] (KmiSJg 1 6 4 "C : 
Tgl71t) ;-f 1 ^fW?^ l Jl'-F (PMM 
A) (Tg93t) ;tV7-f>-7WU'*I^- 
[TI-16 0 (XV-tt») ] (Tgl5 0TO 

±> , A-777 5K (77;*r: mtmtm mm 

i&8c2 0 013) , yyitWJ 5 K (»&?SK2 0 CC 
J-Xh) > #';x^V> (Tg90t) , XWMitV-A' 
(Tg70~80t) , -tr;UO-x b 'J T-fc-f- h (T 

g i o 7*c) mwmfbtiZo 

[0 0 6 5] ZtlbOo x-Tls's-f-y 9 U-hm 30 

my 4 A A (Tgl 13t) 14, ^' J Ji-f-V>T- >7 9 
V-F7^AfcJt«lT, (Tg) , gISftffl 

V... B*o»aMt, (Xt-^7*x) , 5£Bf3£K, «r 

iD7jC7>»14, *2g&jgjfi2g, *MB3ftft& #KJ:4«M* 

jt«Lr, mmm, mma. sist, 

L^o 

[0 0 6 6] flMMfctfoar? g 14, iff L< 40 

li6 5tM±> J: L< (±7 0tW±, Zhizfti 

L < (4 8 0 X:\:X±.. ftlzfti L < 14 1 1 0 "CJXLT-ifc 

& e Tgo±H(4#ua«os*t*v»*« % ant, not 

i L < (4 8 0 "CW-L, 4 19 » t L < 14 1 0 OXJSUb, £ 
£>lc$fiL<(4 1 1 0t£l±T-*4, v»L« 

[0 0 6 7] »JliS*t<7>l?£(4, *R&S?|fe<?)«jt, »SS 
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fL(4"4v^J % 5-1 0 0 /tt mi:i-nif«tv» 0 

[0 0 6 8] «Si**t<OS7fe14l4, Br«i*ai*(0 

7t<0 7 0 %&l±. 8 0 %£Ui*aift+48K-C** 

[006 9] *g®g»^t4, sis««ru4jv»r, mmit 
[0070] mmmmmfofrt lti4, x*u>-«l 

Rlf-**i^ [EVA (ntf-JMMTOWl 5- 
5 0%fg) ] ifJ Lv>. 

[0 0 7 1] #tRjflSM:«£ LTIl, «x<f 2, 5-v 
^^;v^.+-^>- 2, 5-v'W Kn/*-*4f-<M K ; 
2, 5->^f^-2, 5 -v ( t -7*f-;W*-** 

->) ^*-*>-3 i-z-t-rfM-m-f k; 

2, 5-v^^-^-2, 5 -v ( t -7*f-A^/<-*# 

->) AH>;v^;wt-tW'fF; 1I , «' -e 
X (t-7fJW<-t#y'fy7Dk» ^>-t:> ; n 
-7*^;U-4, 4 -fc'X (t-7f^- + *y) /<U 
V-Y\2, 2 -IfX (t -7*^;W-?-**v) 79 
>;i, 1-kfX -3, 3, 

5 - h V * f*y 9 n^^r-f > ; t -7*f-A-/^-*4rv 

oae^±fci4ttigT**-& 0 nwfl:tt#iiB*fl-i o osfisp 

»J»T> 4»)S : iL<(40. 5~-6**S|5-e*^o 
[0 0 7 2] ^««*)!OJl$l4. ARim?fe<0«it^ffi 

3-500^m, 4tJSFSL<(43-5 O^tn, $^>U» 
iL<lilO-4 O/zm-^ab^o MttM^ff-^ 

'J* ? f&^L^-r< t^> 0 fe^'t, >S8a5«Sf)U4#IB«# 
(cJfc^TI4^^lC7fe^tt56 J ffitiTv^ tz#>^ MM* fc* 
0*BSflET-C«ffl-*-4BSm4, 1 0 mntfU£ £ Tff < LT 

[0 0 7 3] ^«S«^^»St**ttZ^(t*#St LT 
[0 0 7 4] £33, jg«f«3tS(C, i>**X*pX^ifeL 

i4\ scrs<oaxm<i4. 

[0 0 7 5] ^u, 0B^i-47jffi<D 
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<»fe<r>¥.mtJM ***t*4fcft, Sit a xh^ ISM 

[0 0 7 6] fli»/»4#IIBH\ mW&lZ&iU 

mn^ita ± usance ± * aefe**4?fcv» <> <?)* f 4f s l 
rii, Wxif 7 #wu9>, *')xxf 

[0 0 7 7] 

m£M2 (S2 3 0m, f3 6 0mm, I?£5 O^m, 3 
0-2 5 0CUi«t4J**»«SbM|&l 0. 5X10-« 

t\ 2 5 01C-C6 0*Wfia*L-C«fl:L, -■KVvd^* 

=fv-»ifcwu j s R*S:^ttfio-t7 5 

3-f^^7X* (HPC 7 0 0 3) T-*t}. U 
IS (A) i:i5V>TR*Mf A-i^iyn^^^-'J^ 

0 %, OmPa • sT?£>£o 

[0 0 7 8] ;«»tiil±, 3 0-2 5 OrtCJolt^.S*. 

0. 5fS) -CabO, *J»H«6a8E**4 0 OtJ^Lh, 

0 12 n • cmJa±t?*o/io 
[0 0 7 9] A 1 frbtt&WZ 0. 3 //mOTfflS 

T.xVU.X^'b&.&JBf S 5nmC0l£t5:K»itB5:^L7t o 
[0 0 8 0] *v»T, «1H:HFiL«-t»=* WTOflf* 

V. 4 2 0raOf$i:7'7X-7CVDSt-fMLt o 
BR> IK**)**!*, 

PHs + H2Zi^**^. (PH3/H2=0. 2%) :30sc 
cnu 

S i H4 : 4 sccm N 
H2 : 7 5 Osccm 

3 o or. 

Hftffifc : Horr, 

tkXmtl : 1 0 0W (1 3. 5 6MHz) 

bLtio *S^T, ilor^77Xy'j3>|i:6 0 

OnnOfSU^XvCVDtt-CMLfco ft 

S i H4 : 5 0 seem. 
H2 : 5 0 0 seem 

g*l£JS : 2 8 0*0, 
WftE* : lTorr. 



(9) M2 0 0 0-3 4 9 3 1 2 

16 

ixiXmt) : 1 0 0W ( 1 3. 5 6MHz) 

BaHs + ^S-frtf* (B2He/H2 = 0. 2%) : 20 
seem, 

5 i Ha I 5 sccnu 
H2 : 9 5 0 seem 

70 S«&ft : 3 2 0t\ 
BfftE* I lTorr\ 

I 2 0 0W (1 3. 5 6MHz) 

t L£o 

0 * ^ * > &Mm$mn.mM tfao/^->u enw 

U ^c^T% 1 6 0COt-r>ti: 1 0#HMfc*LT 
SfflMfcU *2 2 0^O|K«68i9^«Uo 
[0 0 8 2] I TO (Rft-f>v^Afl) 

20 -y^btLT, A r f|^t^^7 ^feUJ: *)& $ 

6 0nmOjf^mS6 Sri«Lfc 0 

[0 0 8 3] P-f-^^7^i:J:()$*i 

1 0 1 0 SrflMLfco 

[0 0 8 4] 3fcv»t\ ft'*-* V->£PS9LT 
SEfti*^- tic J: 0. »3 6^mOJR*-E«»Bl 1 

[oo8 5] ( is) jBftWFoatEa 

Jg£2 0t:fg:< LT2 6 0*Ci: L £ iirtMi^ > 7* ;l^No. 

[0 0 8 6] > -T^No. 1 TN*, #iB«:#JB ( i *) 

Srfi< LT*iB*»« (iS) £»J£L£^>^;uNo. , 
2t(i, 0. 7nm/st^o/: 0 tfc. f^tlO*^ 
if>7';w:ov^, 00 

40 No. 1 C07fcmi/tli 1 GmA/cm 2 , ^«fiS^ffi< tTTfcg 
(i@) "*®)ftLfc*>y/i4to. 2^)*l»iii 
4mA/cm 2 T**^, M^>*7*^*U. S^^r^C^Jlo^ 

[0 0 8 7] JtttOfc*U. ^#^3 r^7 

g 2 ^moaft^-f L/c-9->^;WNo. 3 *{*«L 

:oa»B3<^3 0- 2 5 0TJ-U45it4««a«R 
14, 0. 5X10- 6 /1C (#M^«<7)0. 0 5te) -C* 
50 o/Co :^>^No.3m ftSLfctftHfift^ 
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[0 0 8 8] £fc, ±g5* > T-^No. 3 t P^t" 

«±uift»«t»«L» aa*»?>2 5 ot:it?#fiLT 

[0 0 8 9] 

figteUgiv* *BMCife«>fll«Ht * ft± £ - t 
[Iffi(0(Sf#^^] 
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[01] *H^<0±ITOfe£^f IfrSHTNfc&o 
[flHf-oifcim] 

2 

3 l£$ffil 

4 ruw.m 

5 ««««« 

6 it^^S 

9 mmmm 

10 -b/<ix-*«iMi 

1 0 1 -t'*V--9ffi 

11 iii* • Eumfii 

1 2 



[HI] 



r 



10 101 



10 101 




7n> b^-v<7>^£ 

(72)|&9i# gpffi Ait F 5F051 AA02 AA04 AA05 BA04 BA05 

«Jilfl$**EB#*— TB13#l-t BA14 BA17 CA15 CA36 DA03 

-T-V ^^±1*1 DA04 EA01 EA20 GA02 JA02 
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